A study was performed in the General Microbiology and Industrial Microbiology courses to increase research awareness at an early stage of the educational process and to establish collaboration between students in an Industrial Microbiology program and industry. In both courses, the professor helped students determine their learning styles and then used these data to design activities in order to accomplish the above objectives. In both the treatment and the control sections, students learned about strategies to optimize learning based on their learning styles. A cooperative learning format was introduced to promote active learning and team-building skills. The diverse learning styles data profile was used by students during cooperative learning activities for effective team integration. In the General Microbiology course, a mentor-mentee structure was introduced to expose students to research in microbiology by visiting research facilities on campus. This structure was an addition to the regular curriculum, which meets American Society for Microbiology curriculum recommendations. The results suggest an increase in interest in research by students. In the Industrial Microbiology course, a strategy was introduced to establish collaboration with industry in which students visit the workplace and identify microbial processes, microbiologist roles, and skills needed by microbiologists. Evaluation of these topics using pre-and posttest data indicates a significant increase in acquired knowledge relevant to daily workplace environments with the reformed course. In both courses, students gain information early in their academic experience to help them consider participation in research experiences while providing them with real-world experience toward the end of their academic careers, when they see the need for it.
Decades of experimental psychology have indicated that in order to promote learning we need to develop approaches that emphasize applications and interpersonal collaborations. Documentation of the social nature of learning is long standing. It can be traced to theories of social interdependence as well as to cognitive development and behavioral learning (6, 14, 15, 17) . Learning requires reflection and occurs best in a cultural context that provides both enjoyable interaction and substantial personal support (9) . For example, both student-student and student-faculty interactions have a great impact on educational outcomes (4) .
Cooperative learning has been examined in precollege and college studies as a teaching strategy to promote active learning in a group environment. This strategy has been referred to as the most researched of all instructional methods (12, 18) . Although it initially influenced more elementary and secondary activities, there is a definite growing interest in cooperative learning in higher education (19) .
In 1995, Barr and Tagg (5) proposed a transformation of the higher education process, a shift in the educational paradigm. In this proposal, faculty become designers of learning environments rather than just lecturers. The new learning environments are cooperative, learner centered, and learner controlled. It has been reported that "too many graduates go out into the workforce ill-prepared to solve problems in a cooperative way, lacking the skills and motivation to continue learning" (1) .
In the last decade, the microbiology field has experienced a transformation in the education process. The American Society for Microbiology (ASM) took the lead in microbiology education through the establishment of its annual Undergraduate Education Conferences in 1994. Some major outcomes of the conferences have been the development of recommendations for an undergraduate microbiology curriculum as well as the compilation of cooperative learning activities. These recommendations included cognitive processes as well as communication and interpersonal skills (2, 8) .
At the University of Puerto Rico at Mayagüez (UPRM), an industrial microbiology curriculum to support a four-year B.S. degree was established in response to local industry needs. The General Microbiology/Industrial Microbiology course sequence is taken usually by students in this curriculum in preparation for the field. Local industry is composed largely of pharmaceutical companies. Puerto Rico's population is slightly under four million, but the island is home to 5 local, 47 U.S., and 9 foreign pharmaceutical companies.
Some common goals of the UPRM industrial microbiology curriculum are to give the students a general education, to provide the students with a more specific education in microbiology, to teach them to be lifelong learners, and to prepare them for the modern workforce. In a report of industrial needs in Puerto Rico (3), some of the most important skills for incoming employees were teamwork and interpersonal skills. In the area of general knowledge, the report also included knowledge of local and federal regulatory agencies as being very important. This article describes an action research project that redesigned the Industrial Microbiology course and its prerequisite, the General Microbiology course, to increase student exposure to research in microbiology and to increase student awareness of industrial roles of microbiologists, thus providing students a vision of research and a better preparation for the workforce.
STUDY IN GENERAL MICROBIOLOGY
The goals of the study were to determine and, if needed, increase meaningful student exposure to microbiology research. More specifically, the study attempted to provide students with active, meaningful learning by presenting the information within a framework that prepared them for lifetime learning. To accomplish this goal, one objective was to determine the degree of student awareness of research in the field and to link course theory to research in an active environment. Another objective was to improve students' metacognitive and group interaction skills by teaching the process of learning and by explaining the different variety of learning styles.
To identify student prior knowledge of microbiology research, a short questionnaire was administered to three sections of General Microbiology on the first day of class. The results of the questionnaire indicated that students' knowledge of ongoing research in microbiology was poor and that few had ever visited a microbiology research laboratory. It also identified that their interest in having research experiences was poor.
On the basis of the results of the questionnaire, the professor decided to conduct an experiment with three of her sections. One section was randomly assigned as the control group, and the other two were assigned as the treatment group. There was no difference between the treatment given in the two sections referred to collectively as the treatment group. The content covered in both the treatment and the control groups was the same and conforms to ASM recommendations; however, the control group was exposed only to a lecture format, while the treatment group was engaged in cooperative learning activities (7) . All sections used similar evaluation instruments, instructor-created examinations.
Students in both the control and the treatment groups were asked to identify their learning styles by using a questionnaire on learning styles developed by Soloman and Felder (refer to end note). Students cited their preference on a scale for each dichotomous learning style dimension as being low, moderate, or high. As shown in Table 1 , the Soloman and Felder model presents learning in terms of five dimensions: perception, input modality, organization, processing, and understanding (10, 11) .
Both the treatment and the control groups preferred active, sensorial, visual, and sequential learning. The results for the control group were 70% active, 78% sensorial, 87% visual, and 83% sequential. The results for the treatment group were 58% active, 75% sensorial, 89% visual, and 62% sequential. Note that the instrument did not measure the organization dimension to determine the preference for inductive versus deductive learning. The professor asked students in the control group to use this information to develop strat-egies to help themselves in the class.
Formal cooperative learning was used in General Microbiology. Small groups of four to six students worked together for the entire semester to achieve a shared learning goal. The professor explained the methodology of cooperative learning, outlining its most important features: positive interdependence, individual accountability, and interpersonal relationships. Students determined their individual learning style profiles and used them to design the team profile. The learning style information was used for all individual learners to optimize their learning strategies and to become aware of their group's diversity. This awareness was used to complement skills and optimize the group's performance. For example, students mentioned that knowing that some group members were verbal and others were visual helped them understand how to divide the tasks of who should write the report and who should work on its diagrams. A global student indicated that he finally realized why it was difficult for him to work in groups before, since most members want to go step-by-step while he needed to know the overall process. His group decided to dedicate a section of each group session to looking at the big picture to help accommodate his learning style. The professor decided to include this emphasis on teamwork and cooperative learning in the treatment not only because of the solid research in favor of coopera- tive learning (4, 13) , but also because the learning style inventory for the class denoted a preference for active learning, and 85% of Puerto Rican industries report that the ability to work in groups is necessary for incoming employees (3) . The professor monitored team performance through monthly team presentations given as oral reports. Each group's presentation was made by a single member selected at random by the professor. This helped to develop individual accountability and positive interdependence within the groups. To ensure that each team was functioning as it should, individual team members completed a form evaluating themselves and their peers on the following criteria: appropriate use of time, participation in meetings, completion of assigned task, organization, and contribution of ideas, among others. This periodic team evaluation helped the group and the professor process how effectively the team members were working together.
Each group was assigned a mentor. The mentor was an upper-level undergraduate student who previously had passed the course with a grade B or better and who had research experience. The mentors met for 1.5 h each week with their groups. Students visited the following on-campus research laboratories: electron microscopy, food microbiology, microbial ecology, microbial physiology, molecular biology, mycology, and virology. The mentors also united the groups to give them orientation workshops on research opportunities for undergraduates. Attendance was taken at each meeting.
The mentor, with assistance from the professor, facilitated the group dynamic and the integration of the visits to the laboratories to correspond with course content. This process benefited the groups, but it also benefited the mentors, allowing them to have the opportunity to learn by teaching. In addition to the mentoring meetings, students in the treatment group were asked to interview a faculty member doing research in microbiology. They documented all their experiences in individual portfolios in which they · reported on their learning profiles, · reflected on their learning experience, · evaluated their team skills and those of their peers, and · documented six activities, including a description of the research project.
RESULTS IN GENERAL MICROBIOLOGY
On the final day of class, a longer questionnaire was administered to both the control and the treatment groups to evaluate the course role in research awareness. Significant differences were found in favor of the treatment group in five of the seven common items on the questionnaire. These items showed an increase in interest and awareness of research, issues directly targeted in the treatment. They also showed improvement in issues indirectly addressed in the treatment, including opportunities to develop writing skills and to reflect on their learning process during the course. Two common comments from the treatment group were that the approach was a good experience which should also be used in other courses and that the course was a lot of work. Here are some sample comments (translated from Spanish) when students were asked about the course in an open-ended questionnaire item: I loved the experience; this should be done in other courses; keep doing this in the future, it helped me; I would love to visit the research labs in other areas; the course helped me to plan for my future; too much work; I loved the experience, but the portfolio preparation took a lot of my time.
Although one student mentioned the heavy workload of the portfolios, a few students specifically mentioned them as excellent tools for learning. Many made specific remarks about the visits to the laboratories. One student stated, "I had no idea of what was going on behind those [laboratory] doors."
An analysis of the data indicates two major findings. First, both the control and the treatment groups felt they had significantly improved their knowledge of ongoing microbiology research. However, interest in conducting research in the treatment group significantly increased, while interest in the control group slightly dropped. The other finding was that students in the control group had found out about the mentoring process used in the treatment and, despite the extra workload outside class, 63% reported that they would have liked to participate in the mentoring experience. One specific comment addressed this well: "It is not the same to listen to a research project as it is to go and see the facilities." See Table 2 for more details.
Although attrition rates tend to be low in the General Microbiology course, the grade distributions differed slightly in the two sections in the experiment. Slightly more students successfully completed the course in the treatment group than in the control group. Also, significantly more students earned a grade of A in the treatment group. Refer to Table 3 .
STUDY IN INDUSTRIAL MICROBIOLOGY
The same professor who conducted the experiment in the General Microbiology course was assigned to teach the only section of the Industrial Microbiology course during the spring semester. In order to prepare for this course, the professor collaborated with local industries to incorporate skills needed in the workplace (3). On the first day of class, information was gathered on the students enrolled in the course. The student profile indicated that only 3% of the student population had prior experience in industry and that 71% indicated no knowledge of the largest industry in Puerto Rico, pharmaceutics. The course was required for graduation for 69% of the students enrolled, with 70% of the entire population in their senior year and 17% in their junior year. In addition, few students were familiar with their possible role in industry or with the many other related items that affect industry workers. Using the Soloman and Felder test, the professor also found that 58% of the students preferred active over reflective learning, 77% preferred sensorial over intuitive learning, 87% preferred visual over verbal learning, and 65% preferred sequential over global learning.
The professor incorporated the student profile informa- The results in General Microbiology when a questionnaire was administered during the last day of classes. For items that were also on the first questionnaire, the differences between the end averages and the beginning averages are noted in parentheses. The following scale was used: 4, good; 3, moderate; 2, fair; 1, very poor. tion to modify course content and activities to meet the students' needs. Students were divided in formal groups of five and given training in cooperative learning. They used this information to work better with their groups and to understand the diversity of the learning styles of their group's members.
Each team was assigned an industry. The group had to visit the industry and interview a microbiologist in that industry. Based on their visit and their interview, they had to identify the following: · the roles of microbiologists in that industry, · the microbial products of that industry, · the microbial process associated with the industrial environmental process, · the regulatory agencies that govern that industry, and · the skills needed by a microbiologist to work in that industry. An oral report on their progress was given by each team every 3 to 4 weeks. The entire team was called to the front, and the professor selected one group member at random to make the oral report. This gave students exposure to oral presentations and helped the professor monitor for positive interdependence within each team. Each student reported orally about three times during the semester. At the end of the semester, each team gave a 25-min electronic presentation as well as a written report on their industry. On the final examination, 30% of the questions came from information the teams had gathered from the local industries. 
RESULTS IN INDUSTRIAL MICROBIOLOGY
On the final day of class, a questionnaire was administered to evaluate the success of the course in increasing awareness of industrial microbiological processes among students. As shown in Table 4 , significant gains were made in all but one of the areas common to the first questionnaire and the second one. Students also overwhelmingly agreed that the opportunity to work in groups was beneficial.
Attrition rates tend to be low in the Industrial Microbiology course. Since only one section is taught during the academic year, grade comparisons were not possible. The different approach to the course required different assessment instruments, so no comparison with previous years was possible, either. However, the grade distributions demonstrate that most students successfully completed the course (93% passed with a grade of A, B, or C, while nobody received a D, 2% failed, and 4% withdrew), even though the course had a heavy workload.
Student comments on the end of the semester questionnaire fell into the following categories. A total of 71% of the students felt that the course offered them a realistic view of the role of a microbiologist in industry and of their future careers. Three students commented on how the course integrated theory and practice. Five students remarked that they enjoyed the course very much. 
CONCLUSIONS
This study confirmed that microbiology classrooms are scenes of diverse learning styles. Professors should rise to the challenge to better meet the needs of all their students. Teaching strategies that allow for more active learning on the part of the student should be implemented (16). With the predominance of active and visual styles for the students in this study, the professor decided to incorporate cooperative learning activities in addition to the traditional lectures.
Besides implementing different kinds of activities, professors should consider presenting material in such a way that it not only interests the students, but also prepares them for today's workforce. The curriculum can easily be enhanced with experiences that bring the real world to the classroom and that provide opportunities for the students to develop communication and interpersonal skills. The research work environment does not need to be divorced from the course; Full Membership -Benefits include the ASM News monthly publication, credit toward the purchase of a scientific journal and member rates on all other journals and publications, access to all areas of the ASM website, discounted registration fees at ASM meetings, access to ASM's placement service, membership in a highly regarded scientific community and more.
Transitional Membership -A special transitional member rate is available to those students who are about to graduate or have graduated from an accredited program within the preceding 12 months. Transitional members are eligible for member benefits and services at member rates, except where otherwise specified. Student Membership -All students majoring in microbiology or related fields can join ASM for just $15 per year. Annual dues include: subscription to ASM News, purchase of ASM journals and books at member rates, discounted registration fees at ASM meetings, special opportunities to present research at ASM meetings, interaction with established scientists, information on career opportunities, access to ASM's placement service, and special activities at the ASM General Meeting.
For more information on all types of membership and for an application form, please visit http://www.asmusa.org/mbrsrc/mbr1.htm or call (202) 737-3600.
